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SPECIAL NOTES 


1, API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2, API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET, N.W., WASHINGTON, D.C. 20005, 
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FOREWORD 


This publication describes how to determine the temperatures of hydrocarbon liquids un- 
der static conditions using mercury-in-glass tank thermometers and their multiple config- 
urations. The material in this publication supersedes applicable sections of API Standard 
2543, which has been withdrawn from publication. 

The API Manual of Petroleum Measurement Standards (MPMS) is currently available. 
The manual will eventually include all subject matter now found in API measurement pub- 
lications—including evaporation loss measurement—as well as new material and revised 
editions of existing MPMS material when revisions are completed. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this pub- 
lication and hereby expressly disclaims any liability or responsibility for loss or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to the director of the Measure- 
ment Coordination Department, American Petroleum Institute, 1220 L Street, N.W., Wash- 
ington, D.C. 20005. 


iti 
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Chapter 7—Temperature Determination 


SECTION 1—STATIC TEMPERATURE DETERMINATION USING MERCURY-IN-GLASS 
TANK THERMOMETERS 


7.1.1 Scope 


This section describes how to use correctly mercury-in- 
glass tank thermometers and their multiple configurations to 
accurately determine the temperatures of hydrocarbon liq- 
uids under static conditions. These temperatures are used to 
convert hydrocarbon liquid volumes to a base standard tem- 
perature. Other methods, equipment, and procedures for 
temperature determination are described in API Chapter 7, 
Sections 2 and 3. The method and equipment selected for 
temperature determination are left to the discretion of the 
parties involved. 


7.1.2 Summary of Method 


Accurate average temperatures are necessary to correct 
hydrocarbon liquid volumes to a base standard temperature 
of 60°F (or 15°C); therefore, temperatures of hydrocarbon 
liquid volumes must be measured using prescribed proce- 
dures at specified locations in tanks, ships, barges, and tank 
cars. A summary of thermometer assemblies and recom- 
mended locations for obtaining temperatures from various 
types of tanks and cargo carriers is provided in Table 1. 

For a nonpressure tank, a temperature is obtained by low- 
ering an ASTM tank thermometer of appropriate range 
through the gauge hatch to the specified liquid level, keeping 
the thermometer immersed for a predetermined time period, 
and then quickly withdrawing and reading the thermometer. 
This procedure is also used for a low-pressure tank equipped 
with a gauge hatch or standpipe and for any pressure tank 
that has a pressure lock. 

For a tank equipped with a thermowell, a temperature is 
obtained by reading a thermometer placed in the well with its 
bulb at the desired liquid level. In all cases where more than 
one temperature is determined, the average temperature of 
the liquid is calculated from all observed temperatures. 


7.1.3 Referenced Publications 


The most recent editions of the following standards, 
codes, and specifications are cited in this section: 


API 
Manual of Petroleum Measurement Standards 
Chapter 7, “Temperature Determination,” Section 2, 
“Dynamic Temperature Determination”; Section 3, 
“Static Temperature Determination Using Portable 
Electronic Thermometers” 
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ASTM! 
E-1 Specification for ASTM Thermometers 


7.1.4 Apparatus 
7.1.4.1 THERMOMETERS 


Tank thermometers shall be totally immersible and shall 
be made in accordance with the specifications in ASTM E-1. 
Each thermometer shall be the mercury-in-glass type with 
nitrogen or another suitable inert gas filling the space above 
the mercury column and with graduation marks permanently 
etched on its glass stem. Angle-stem thermometers shall 
meet the ASTM E-1 specifications for partial-immersion 
thermometers with the exceptions that the angle-stem ther- 
mometers may exceed the specifications for total length and 
that they may use a separate graduated scale, as discussed in 
7.1.4.2.3. The thermometers listed in Table 2 shall be used. 


7.1.4.2 THERMOMETER ASSEMBLIES 


7.1.4.2.1. Cup—Case Assembly 


The cup-case assembly shown in Figure 1 may be made of 
either varnished hardwood or non-sparking, corrosion-resis- 
tant material. It must have a cup with a capacity of at least 
6.1 cubic inches (100 milliliters) and with dimensions such 
that the side of the bulb will be at least 4 inch (9.5 millime- 
ters) from the nearest wall and the bottom of the bulb will be 
1-+%c inches (25.4 millimeters +5 millimeters) above the bot- 
tom of the cup. 


7.1.4.2.2 Armored—Case Assembly 


The armored-case assembly shown in Figure 2 shall be 
made of non-sparking, corrosion-resistant tubing that does 
not exceed 0.5 inch (13 millimeters) in outside diameter. 


7.1.4.2.3 Angle-Stem Thermometer 


The angle-stem thermometer in Figure 3 is installed in a 
standard metal-separable well or socket in a tank. For verti- 
cal tanks with capacities greater than 5000 barrels, the glass 
stem of the thermometer shall be at least 3 feet (914.4 mil- 
limeters) long, excluding the graduated portion, and shall be 
protected with a light metal tube. For storage tanks with ca- 
pacities less than 5000 barrels, the stem may be 12 inches 


'American Society for Testing and Materials, 1916 Race Street, Philadel- 
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CHAPTER 7—-TEMPERATURE DETERMINATION 


Table 1—Thermometer Assemblies and Temperature Levels for Tanks and 
Cargo Carriers 


Temperature 
Measurement Thermometer Measurement 
Tanks Facilities Assemblies Levels 
Stationary Tanks 
Fixed-roof Roof hatch Cup-case See note 
Floating-roof Gauge hatch Cup-case See note 
Variable vapor space Gauge hatch Cup-case See note 
Pressure Vertical thermowells Armored See note 
Pressure lock Cup-case See note 
Horizontal separable wells Angle-stem Three for tank heights less 
than 30 feet (9.14 meters); 
four for tank heights 
greater than 30 feet 
(9.14 meters) 
Horizontal-cylindrical 
Nonpressure Gauge hatch Cup-case See note 
Pressure Vertical thermowells Armored See note 
Horizontal separable wells Angle-stem Two, one at middle of tank 
and one | foot (0.3 meter) 
above bottom 
Tank Cars and Tank Trucks 
Nonpressure Dome hatch Cup-case Middle of liquid? 
Pressure Vertical thermowells Armored Middle of liquid* 
Ships and Barges 
Nonpressure Deck hatch Cup-case See note 
Pressure Vertical thermowells Armored Middle of liquid? 


Note: See Table 3 for the measurement levels. 


Jn special cases, it may be desirable to obtain temperatures at more than one level and calculate a weighted 
average temperature, See Table 3, Note 2, for the correct method of averaging multiple temperatures. 


(304.8 millimeters) long, excluding the graduated portion, 
and also shall be protected with a light metal tube. The sen- 
sitive portion of the thermometer shali not exceed 2.5 inches 
(63,5 millimeters), and the stem may have an angle of 90 de- 
grees or greater to conform with the contour of the tank 
shell, 

The assembly shall be attached to the well by a threaded 
coupling. A thermometer with a separate graduated scale is 


acceptable as long as the markings on the scale are perma- 
nently engraved and temperature lines at approximately 80°F 
(27°C) intervals are etched on the glass stem of the ther- 
mometer to coincide with the corresponding lines on the 
scale. 

In addition to applications discussed in this section, angle- 
stem thermometers can be used in pipeline metering and 
prover applications to measure the temperature of the prov- 


Table 2—Thermometers 


ASTM Length 
Name Thermometer Range (inches) Graduation Accuracy 
ASTM tank 58F-80 -30°F to +120°F 12 1°F 40,5°F 
ASTM tank 97F-80 0°F to 120°F 12 1°F +0,5°F 
ASTM tank 59F-80 O°F to 180°F 12 1°F +0.5°F 
ASTM tank 98F-80 60°F to 180°F 12 1°F +0,5°F 
ASTM tank 60F-80 170°F to 500°F 12 2°F +1,0°F 
Angle-stem _ Suitable range 128 1°F +1.0°F 
Tank thermometer — 20°F to 220°F 12 1°F +0,5°F 


Note: Except for the angle-stem thermometer, all of the thermometers listed in this table are the total- 


immersion type. 
‘Length of graduated portion, 


‘This thermometer does not have an ASTM designation, but it is commonly used for certain heated materials. 
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ing medium. This application is discussed in detail in Chap- 
ter 7, Section 2. 


7.1.5 Thermometer Verification 
BENCH INSPECTION 


Before each thermometer’s initial use and at least once a 
year after its initial use, each thermometer shall be compared 
to a thermometer certified by the National Institute of Stan- 
dards and Technology (NIST) or an equivalent thermometer 
of traceable accuracy. The comparison shall be made at three 
or more temperatures to ensure that the thermometer is accu- 
rate within the limits given in Table 2. One of the check- 
points should be in the temperature range in which the 
thermometer is expected to be used. 


7.1.5.1 


7.1.5.2 FIELD INSPECTION 


A thermometer is a precision instrument; therefore, it 
must be handled with care and examined before each use for 
breakage and separation of the mercury column. Some other 


Clamp 


16" (approx.) 


ASTM 
thermometer 


Hard 
wood 
100-ml cup 
(corrosion- 
resistant 
Clamp metal) 


i) 
‘' 


3)" 
4H (approx.) 


EEE SSSSANAAAN: 


1" + Ac" 


[+1%"-2"%| ~Closed bottom 


Figure 1—Typical Cup—Case Assembly 
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ASTM 
thermometer 


Corrosion- ———* 
resistant 
metal 


0.5 inch (1.3 millimeters) 
maximum 


Figure 2—Typical Armored—Case Assembly 


items to remember while field inspecting a thermometer are 
as follows: 


a, After use in heavy or high-pour-point oils, all parts of the 
thermometer assembly shall be cleaned to avoid the forma- 
tion of an insulating film of oil. 

b. An armored-case thermometer is particularly susceptible 
to the formation of an insulating film, so the glass ther- 
mometer should be removed frequently from the metal as- 
sembly and cleaned. 

c. A thermometer which has lost a substantial amount of 
pigment from its engraved scale should not be used in light 
colored products and condensates because it is difficult to 
obtain readings with it. 
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Packing 


Well, 36 inches 
(1 meter) long F: 
ff 


Yy ®& 


YUM 


ELLEELESEREEELES 
SES 


See note 


Note: The etched reference line on the glass must be aligned with zero on the scale. 


Figure 3—Typical Angle-Stem Assembly 


d, A thermometer with a separated mercury column shall 
never be used. If the mercury has been completely rejoined, 
the thermometer may be used provided it is found by bench 
inspection (as described in 7,1.5.1) to be accurate within the 
limits of Table 2. 


7.1.6 Procedure 
7.1.6.1 TEMPERATURE DETERMINATIONS 
7.1.6.1.1 General 


The average temperature of a liquid is required to calcu- 
late its volume at a standard temperature, so temperatures 
must be determined accurately. During the gauging opera- 
tion, temperatures should be taken at the correct measure- 
ment level (see Table 3), but before the temperature readings 
are taken, the thermometer assembly must be allowed the 
time necessary (see Tables 4A and 4B) for attaining the tem- 
perature of the liquid at the measurement level. Tempera- 
tures should be read and recorded to the nearest 1.0°F 
(0.5°C), but they may be reported to less than 1.0°F (0.5°C) 
if all parties involved agree and if this does not conflict with 
legal requirements, Averages of multiple temperature read- 
ings shall be reported as explained in Note 2 of Table 3. 


7.1.6.1.2 Thermometer 


A thermometer of suitable range for the temperature to be 
measured shall be selected from Table 2, and the appropriate 
assembly for the various types of tanks and cargo carriers 
(see Table 1) shall be used. After the thermometer with its 
appropriate assembly has been selected and has been verified 
according to the procedure provided in 7.1.5, the procedure 
outlined in 7.1.6.1.3 to 7.1.6.3.5 shall be followed. 


7.1.6.1.3  Cup—Case Assembly 


To obtain a temperature reading with the cup-case assem- 
bly, it shall be lowered through the gauge hatch or pressure 
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lock to the required level and held there for the time speci- 
fied in Tables 4A and 4B, which give the recommended im- 
mersion times for the woodback cup-case assembly, For 
immersion times not covered by Tables 4A and 4B, Appendix 
A provides a procedure for determining them for mercury-in- 
glass thermometers. As noted in Table 4A, the required im- 
mersion time for the cup-case assembly may be minimized 
by continuously raising and lowering the assembly, To take a 
reading, the assembly shall be withdrawn, and the thermome- 
ter shall be read with the cup sheltered below the edge of the 
hatch to minimize the possibility of a change in the reading 
due to wind or atmospheric temperature. The cup must be 
kept full at all times while the thermometer is being read, and 
the temperature shall be recorded immediately. 


Table 3—Minimum Number of Temperature 
Measurements for Various Depths of Hydrocarbon 
Liquid in Storage, Lease, Ship, and Barge Tanks 


Minimum Number 
of Temperature : 
Depth of Liquid Measurements Measurement Levels 
>10 feet (3.05 meters) 3 Middle of the upper, 
middle, and 
; lower thirds 
<10 feet (3.05 meters) 1 Middle of liquid 
Notes: 


1. For tanks with capacities less than 5000 barrels, one temperature 
measurement at the middle of the liquid can be used. Also, one 
temperature measurement at the middle of the liquid will suffice in ship or 
barge tanks containing less than 5000 barrels. 

2. The temperature of a liquid in a storage tank or marine vessel can vary 
throughout its depth; therefore, when temperature differentials greater 
than 5°F (3°C) are found, an average temperature shall be obtained. This 
may be accomplished by taking temperatures at different levels that are 
equally spaced apart, averaging the readings, rounding off the result to the 
nearest 1,0°F (0.5°C), and reporting the result as the average temperature 
for the entire volume. In some cases, such as when a tank has a non- 
uniform cross-sectional area, it may be necessary to calculate a volume 
weighted average temperature. Temperatures may be reported to less than 
1,0°F (0.5°C) if.all parties involved agree and it does not conflict with 
legal requirements. 
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7.1.6.1.4 Armored-Case Assembly 


The armored-case assembly is used in pressurized tanks 
equipped with vertical thermowells that are filled with a suit- 
able heat transfer medium. For small pressure tanks, the ther- 
mometer assembly shall be lowered into the well to the 
middle of the liquid in the tank. For large pressure tanks, the 
thermometer shall be lowered to the level indicated in Table 
3. Usually only 5 minutes is required for the thermometer to 
reach a stabilized temperature; however, tests should be con- 
ducted on each given application to determine the required 
immersion time. 

To read the temperature, the assembly shall be withdrawn, 
but the perforated end shall remain in the well to minimize 
the possibility of a change in the thermometer indication. 
The thermometer shall be read, and the temperature shall be 
recorded immediately. Failure to withdraw quickly and read 
the thermometer can result in erroneous readings due to tem- 
perature gradients within the tank and ambient temperature. 


7.1.6.1.5 Angle—Stem Thermometer 


Angle-stem thermometers are permanently installed in 
separable sockets and are removed only for replacement or 
calibration. Other items to remember concerning angle-stem 
thermometers are as follows: 


a. Ensure that angle-stem thermometers are installed in the 
same orientation that they were in when they were calibrated. 


Table 44A—Recommended Immersion Times for 


Woodback Cup—Case Assembly 


Recommended Immersion 
Times (minutes}* 


API Gravity 
at 60°F In-Motion Stationary 
>50 5 10 
40 to 49 5 15 
30 to 39 12 ; 25 
20 to 29 20 45 
<20 45 80 
Notes: 


1, The woodback cup-case assembly can be used in either an in-motion or 
a stationary mode. In motion is defined as raising and lowering the 
assembly | foot (0.3 meter) above and below the desired depth. 

2. Cup-case assemblies made of other materials will have different 
immersion times. Immersion times should be established by testing, and 
all parties involved should agree on the immersion times (see Appendix 
A). 

3. If additional mass, such as a weight to cause the woodback cup-case 
assembly to sink, is placed in the liquid near the thermometer, the 
immersion time of the assembly will be longer than those listed in this 
table. Immersion times should be established by testing, and ail parties 
involved should agree on the times (see Appendix A). 

4. If the temperature differential between the woodback cup-case 
assembly and the liquid is less than 5°F (3°C), the immersion times listed 
in Table 4B can be used. 

‘These immersion times were established based on the test procedure 
outlined in Appendix A. Failure to use these recommended times may 
result in incorrect temperature readings. 
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Table 4B—Recommended Immersion Times for 
Woodback Cup—Case Assembly When Temperature 
Differential Is Less Than 5°F 


Recommended Immersion 
Times (minutes)? 
API Gravity 
at 60°F In-Motion Stationary 
>50 5 : 10 
40 to 49 5 15 
30 to 39 12 20 
20 to 29 20 35 
<20 35 60 


*These immersion times were established based on the test procedure 


outlined in Appendix A. Failure to use these recommended times may 
result in incorrect temperature readings. 


b, If a separate graduation scale is used, verify that the 
etched reference line on the angle-stem thermometer is 
aligned with the zero on the scale. 


7.16.2 FIELD APPLICATION—NON-PRESSURE 
TANKS AND CARGO CARRIERS 


7.1.6.2.1 Storage and Lease Tanks 


If the roof of an upright cylindrical tank has both a center 
hatch and a hatch near the shell, temperatures should be 
taken through both hatches and should be averaged. When 
obtaining measurements through a hatch near the shell, the 
thermometer assembly shall be suspended at least 12 inches 
(304.8 millimeters) from the shell of the tank. (Table 3 pro- 
vides the levels at which temperatures are to be taken, and 
Tables 4A and 4B provide the recommended immersion 
times.) 


7.1.6.2.2 Tank Cars 


During gauging, temperatures should be taken at the mid- 
dle of the liquid on every tank car; however, when loading 
multiple tank cars with unheated liquids from one source, 
temperatures may be determined on the contents of a mini- 
mum of 10 percent of the cars selected at random as long as 
all parties involved agree with this, a minimum of three tank 
cars are tested, all of the tank cars are the same nominal size, 
all are insulated or all are uninsulated, and all are exposed to 
the same atmospheric conditions. 


7.1.6.2.3 Marine Vessels 


On marine vessels, temperatures should be taken in all 
tanks or compartments, and these temperatures should be 
measured using the measurement information and recom- 
mended immersion times provided in Tables 3, 4A, and 4B. 
For both ships and barges, the average temperature should be 
determined for each tank. 

If there is insufficient [less than 4 inches (102 millime- 
ters)] on-board quantity (OBQ) or remaining-on-board 
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(ROB) volume to permit temperature measurement or if this 
material is below its pour point, it may be assumed to be at 
the standard temperature of 60°F (15°C), The temperature of 
any substantial on-board quantity or remaining-on-board 
volume should be taken at the mid-level of the hydrocarbon. 


7.1.6.3 FIELD APPLICATION—PRESSURE 
TANKS AND CARGO CARRIERS 


7.1,6.3.1 General 


If the temperatures of liquids in pressure tanks and cargo 
catriers cannot be obtained through open hatches, they 
should be taken with thermometers in suitably located ther- 
mowells or separable sockets or through pressure locks, Pro- 
cedures for verifying thermometers are provided in 7.1.5, 
and procedures for selecting thermometers and obtaining 
temperatures are provided in 7.1.6 through 7,1.6.2. Levels at 
which temperatures are to be taken are outlined in Tables 1 
and 3. If thermowells are used, the thermowells should be 
filled with a suitable heat transfer medium. Thermowells in- 
stalled in the vertical wall of a tank or in the curved wall of 
a cylindrical tank shall be inclined slightly to retain the heat 
transfer medium. 


7,1.6.3.2 Pressure Storage Tanks 


A horizontal-cylindrical tank should be equipped either 
with a vertical thermowell that extends through its center fo 
about 6 inches (152.4 millimeters) from its bottom or with 
two horizontal separable wells: one in the middle of the tank 
and one 12 inches (304.8 millimeters) above the bottom of 
the tank, 

A spherical- or spheroidal-type tank may be equipped 
with either horizontal separable wells or pressure locks 
which can be used for temperature determinations. If hori- 
zontal separable wells or sockets are used, three are suffi- 
cient for a tank less than 30 feet (9.14 meters) high: one 
about 2 feet (0.61 meter) above the lower capacity mark and 
one for each additional 10 feet (3.05 meters) of maximum 
liquid height. At least four thermowells are necessary for a 
tank more than 30 feet (9.14 meters) high: one about 2 feet. 
(0,61 meter) above the lower capacity mark, one about 4 feet 
(1.22 meters) below the upper capacity mark, and two at 
about equal intervals between the top and bottom wells. 


7.1.6.3.3 Pressure Tank Cars and Tank Trucks 


Each pressure tank car and tank truck should be equipped 
with a vertical thermowell that extends through the shell of 
the tank to the middle of the liquid. 
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7.1.6.3.4 Pressure Marine Vessels 


Each ship and barge compartment pressurized to greater 
than 3 pounds per square inch gauge (20.7 kilopascals) 
should be equipped with an individual vertical thermowell 
that extends from a point 6 inches (152.4 millimeters) above 
the deck to at least the center of the tank. 


7.1.6.3.5 Pressure Locks 


A pressure sampling and gauge lock is a vapor-tight as- 
sembly mounted on the top of a tank which can be used for 
obtaining temperatures. The lock shall have a vapor-tight 
window and shall enclose a bob and tape on a reel which can 
be operated by a handle, A shut-off valve is required be- 
tween the lock and the tank to prevent vapors from escaping 
while the lock is open. 

When taking temperatures through a pressure lock, a cup- 
case assembly shall be used. To obtain the temperatures, the 
following sequence shall be used: 


a. Wind the tape on the reel until the bob is above the shut- 
off valve, lock the reel, and close the valve to prevent vapors 
from escaping from the tank, 

b. Open the window, remove the bob, and attach the cup- 
case assembly to the tape. 

c. After attaching the cup-case assembly, close the window, 
open the valve, and lower the cup-case assembly to the pre- 
scribed level with the reel. 

d. After the proper immersion time has elapsed, withdraw 
the cup-case assembly from the tank into the pressure lock 
and immediately read the thermometer through the window, 
If the thermometer cannot be read through the window, close 
the valve and open the window to take the reading. 

e. After all of the required temperatures have been obtained, 
remove the thermometer assembly and replace the bob. 


7.1.7 Field Standards 


Total-immersion thermometers are frequently used to de- 
termine the temperature of water in field standard test mea- 
sures. Chapter 7, Section 2, provides a complete discussion 
of this application. 


7.1.8 Pipelines, Metering, and Provers 


For pipeline, metering, and prover applications, partial- 
immersion mercury-in-glass thermometers are used. Chapter 
7, Section 2, provides details on these applications. 
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APPENDIX A—TEST PROCEDURE FOR DETERMINING IMMERSION TIMES OF 
MERCURY-IN-GLASS TANK THERMOMETERS AND THEIR ASSEMBLIES 


A.1 Equipment 


The following equipment is needed to conduct the test 
procedure described in this appendix: 


a. One insulated, temperature-controlled bath with a capac- 
ity of approximately 30 gallons (114 liters). 

b. One NIST-certified glass thermometer or an equivalent of 
traceable accuracy. 

c. One portable electronic thermometer. 

d. Two mercury-in-glass tank thermometers and their as- 
semblies (for example, woodback cup-case assembly). 


A.2. Test Temperatures 


All tests start with the glass thermometers in their assem- 
blies stabilized at ice point. Suggested bath temperatures at 
which immersion times should be measured are provided in 
Table A-1. 


A.3 Before the Tests 


A.3.1 Glass thermometers shall be removed from their as- 
semblies and verified against a NIST-certified thermometer 
or an equivalent of traceable accuracy. Verifications should 
be made at the approximate average test-bath temperature 


and at temperatures that are approximately +30 percent of 


the average. Only thermometers that agree within +0.5°F 
(0.3°C) of each test point can be used. Two thermometers are 
needed to obtain duplicate readings at each test-bath temper- 
ature. 


A.3.2_ If a portable electronic thermometer is used to deter- 
mine test-bath temperatures, it is to be verified according to 
A3.1, 


Table A-i—Suggested Bath Temperatures 


Test Bath 


API Gravity 
at 60°F Temperatures? 
225° 45°F, 60°F, 80°F, 100°F, 120°F 
(7°C, 16°C, 27°C, 38°C, 49°C) 
<25° Average handling temperature 


£25°F (15°C) for a total of 
three test points? 


Take care not to approach or exceed the flash point of the test medium. 
>The figure +25°F (15°C) may need to be adjusted to accommodate the 
pour and flash points. It shall be adjusted to obtain the maximum 
differential for obtaining three test temperatures. 


Copyright por American Petroleum Institute 
Fri Oct 08 16:02:55 2004 


A.4 Test Procedure 


A.4.1 Determine the test-bath temperature by measuring it 
with a portable electronic thermometer, a certified glass-stem 
thermometer, or a glass-stem thermometer of known accu- 
racy. This thermometer is to be suspended at all times in the 
bath at the same level as the test assembly. 


A.4.2 Stabilize the test bath at the lowest temperature as 
determined by Table A-1. The bath is not to be stirred, circu- 
lated, or heated while data is being taken. For API gravities 
greater than or equal to 25 degrees, the bath temperature 
should be within +0,.5°F (0,3°C) of the desired test temper- 
ature at the start of the test. For API gravities less than 25 de- 
grees, the bath temperature should be within 5 percent of 
the selected test temperature at the start of the test. Stabilize 
the tank thermometers in their assemblies at ice point, 


A.4.3 Take care during the test runs not to have direct air 
movement across the bath from open windows or air condi- 
tioning ducts. 


A.4.4_ Totally submerge the tank thermometers and their 
assemblies in the test bath using a string. At the intervals 
specified in Table A-2, raise and read the thermometers one 
at a time. The maximum time allowed for reading a ther- 
mometer is not to exceed 15 seconds in a test medium 
greater than or equal to 25°API and 30 seconds in a test 
medium less than 25°API. Readings are to be taken until 
three consecutive readings that agree within +0.5°F (0.3°C) 
of the bath temperature as determined with the certified or 
verified glass thermometers or portable electronic ther- 
mometer are obtained with each thermometer. All readings 
should be recorded to the nearest 1.0°F (0.5°C). 


Table A-2—Time Intervals for Reading Thermometers 


API Gravity Reading Interval 

at 60°F Assembly (minutes) 
225 In-motion 2 
Stationary 2 
20 to 24 In-motion 2 
Stationary 5 
12 to 19 In-motion 2 
Stationary 10 
«12 In-motion 2 
Stationary 3 


Note: Reading intervals are inclusive of reading times which are a 
maximum of 15 seconds in mediums greater than or equal to 25°API and 
30 seconds in mediums less than 25°API. 

*Tests should be conducted to determine acceptable intervals. 
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8 CHARTER 7——-TEMPERATURE DETERMINATION 


A.4.5 ° In the stationary assembly test, create as little distur- 


bance in the test bath as possible when withdrawing and . 


reading the thermometers. For the in-motion assembly test, 
move the assembly up and down a minimum distance of 6 
inches (152.4 millimeters), ten times per minute, Readings 
for both the stationary and the in-motion assembly tests shall 
be taken with the assernbly completely withdrawn from the 
test medium. 


A.4.6 Repeat AA. through A.4.5 for each of the next 
higher test-bath temperatures as determined by Table A-1 
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_ until results are available for all test temperatures. Note that, 


for each higher temperature, the thermometer assemblies are 
to be stabilized at ice point before the test run is commenced, 


A.4.7 The time taken for each tank thermometer assembly 
to reach thermal equilibrium with the test bath shall be 
recorded for each successive test-bath temperature/API grav- 
ity combination, and the necessary time interval to be used in 
actual practice shall be established. 


